Background: Lepidopteran and coleopteran species are the most important pests in maize. They can be controlled using genetically modified crops expressing insecticidal Bt-proteins. The long term success of this technology demands a pest resistance management. Important information for a successful management of resistance is the baseline susceptibility of the different targeted pests towards the different Bt-proteins. The data on baseline susceptibility should enable risk assessors and managers to assess whether a) Bt-maize events represent a high-dose to specific target organisms, b) resistance has developed while monitoring the commercial introduction of Bt-maize events and c) potential knowledge gaps can be identified.
Background
Lepidopteran and coleopteran species are the most important pests in maize. The effectiveness of common control measures is affected by several factors: The hidden life style of some pest species reduces exposure to insecticides, which makes it difficult to control these species effectively. Resistance evolution to conventional insecticides can make them ineffective, the environmental harm associated with the use of insecticides should be reduced or economic considerations lead to higher pest pressure (no tillage, maize on maize cultivation). An alternative approach to common control measures is the use of genetically modified (GM) crops expressing Bt-proteins.
However, one concern with growing Bt-maize is the potential for evolution of resistance. Resistance evolution against agricultural control measures is a well known problem for more than 100 years [1] . It occurs regularly where pest populations are exposed to a uniform, strong and continuous selection pressure [1] [2] [3] and is therefore expected also for insect resistant GM crops expressing Bt-proteins. In consequence Bt-products might lose their effectiveness against pests both as conventional spray application and as transgenic trait of GM crops. Therefore pest resistance management must accompany the cultivation of Bt-crops to delay the evolution of resistance to B. thuringiensis products [4] .
The regulatory risk assessment does not consider the occurrence of resistance evolution in general, but the efficacy of strategies by applicants delaying the expected resistance evolution. The most common strategy is the "high-dose/refuge" strategy e.g. [1, 5] . The common approach to forecast the evolution of resistance is the use of models.
The principles of the high-dose/refuge strategy used in these models are that (1) the protein is killing nearly all pest organisms feeding on GM crops (high dose), (2) the frequency of resistance alleles is low, (3) the inheritance of resistance is fully recessive, (4) rare resistant pests surviving on Bt-crops mate with abundant susceptible pests from nearby refuges of host plants without Bt-proteins [5] , and (5) fitness costs are associated with the evolution of resistance [6] . Therefore data on the biology of the target organisms, the characteristics of the modified plant and the GM trait are needed to support the model with all relevant information. In the case that not all requirements for the high dose refuge strategies are fulfilled, a modified strategy or additional measures might be needed.
One of the most important pieces of information to model the potential to evolve resistance of a pest/crop system is the baseline susceptibility of the target organisms to the Cry proteins. This was confirmed by stakeholders (see Appendix 1) who were consulted during a workshop and by a prioritisation process of several proposed review questions.
The goal of the systematic review (SR) will be to collect as much data as possible on baseline susceptibility of different lepidopteran/coleopteran maize pests to Bt-proteins to have a broad data basis to model and assess the potential for evolution of resistance of different crop-Bt-proteinspecies combinations. Data on baseline susceptibility for a specific pest population need to be generated before Bt-maize will be cultivated; which means before an intervention takes place. These data will be independently collected for different populations of lepidopteran or coleopteran pests. Since study design, the used Bt-proteins, biological activity of different batches of Bt-proteins, and the age of the test organisms might differ between studies data from different sources are hardly comparable. Therefore the results of the SR will comprise a collection of relevant information, but will not enable a comparison of study results.
Objective of the review
One key assumption for the high-dose/refuge strategy is that the amount of Bt-protein expressed in Bt-maize is killing nearly all pest organisms feeding on GM crops (high dose). Therefore data on the dose-response relationship is needed to estimate the baseline susceptibility of the target organism. Furthermore changes in the baseline susceptibility of the target organisms are measured in insect resistance monitoring programs indicating resistance evolution [7] . The data on baseline susceptibility should enable risk assessors and managers to assess whether Bt-maize events represent a high-dose to a specific target organisms, resistance has developed after commercial introduction of Bt-maize events (monitoring) and to identify potential knowledge gaps. Based on the above remarks, the following review question was formulated:
How susceptible are different lepidopteran/coleopteran maize pests to Bt-proteins?
The research question has the following components: P = Population:
The populations considered are all lepidopteran or coleopteran pest species in maize, which are intended to be controlled by Bt-maize in Europe. According to the current applications Ostrinia nubilalis, Sesamia nonagroides, S. cretica, and Diabrotica virgifera virgifera are defined as target species. Additionally lepidopteran or coleopteran pest species should be considered, which might be of economic relevance in maize cultivation. The selection of considered species is based on an extended review initiated by EFSA [8] . O = Outcome: Baseline susceptibility data of lepidopteran and coleopteran pest species on different Cry proteins.
Methods
This review is part of the EU funded project GRACE to collate available evidence on evolution of resistance to Bt-crops relevant in Europe. The review team and the stakeholder group for this review are formed by scientist from the project and representatives from NGOs, authorities, industry and science.
Search strategy
The aim of the search is to obtain unbiased and comprehensive information relevant to the review question. Both published and unpublished data should be collated. Different sources of information will be searched in order to maximize the coverage of the search. All searches will be conducted in English.
Search terms
Combinations of the following search terms will be applied to the selected databases.
*denotes a wild card for zero or more characters. The search terms are related to population and outcome. The search will include title, abstract and keywords. As all databases and websites vary in the way they handle complex search strings and the use of Boolean operators the exact search strings used will be listed in the appendix of the review.
Population: (lepidopter* OR butterfl* OR coleopter* OR beetl*).
Outcome: (toxi* OR cry* OR vip3* OR bacillus thuringiensis* OR bt) AND (suscept* OR resist*).
Several search strings have been tested in a preliminary search with Thomson Reuters (formerly ISI) Web of Science. The results are listed in Table 1 . Additionally it was tested whether 15 known relevant publications identified by personal expertise of the review team (reference publications, see Appendix 2) were found with the used search strings.
Because it returned the highest number of hits and found all reference publications (15 of 15) we decided to choose the third search string presented in Table 1 for our search. The "NOT" operator was excluded, as in this case publications dealing with both, maize and e.g. cotton were excluded as well.
Data bases
The following data bases will be considered: 
Search engines
Additionally the search will be supplemented by the use of internet meta search engines. For this Google Scholar (http://scholar.google.com) will be used. The search terms will be simplified and restricted to pdf or word files. The first 50 hits will be examined from this search.
Specialist sources
Additional grey literature or other useful data will be provided by the stakeholder group. Therefore known experts in the field of resistance management will bee contacted and asked for unpublished data such as Diploma thesis, Phd thesis, technical reports or similar information. The scientists contacted and the information they delivered will be recorded and listed in the report. Furthermore data collected in monitoring reports of the authorisation holders will be considered. Additionally applications for placing on the market will be screened for baseline susceptibility data. However these data can only be considered upon approval by the consent holder.
Study inclusion criteria
All identified publications will be stored in a database using the software Reference Manager Professional Version 12. Relevant information for the review will be identified in a three step approach based on inclusion criteria described below. In the first step publications will be excluded if their titles are considered irrelevant based on the inclusion criteria. In the second step publications will be excluded, when their abstracts are considered to be irrelevant. In both steps, a conservative approach will be used meaning that if there is any doubt about the relevance of the information it will be retained. In the third step the included publications will be viewed at full text.
The first and second step will be conducted independently by two reviewers. To avoid different appraisement of reviewers a kappa test will be undertaken to guarantee consistency in the interpretation of the selection process. Therefore 10% of the papers (up to a maximum for 300 in the first step and 100 for the second step) will be checked and the level of agreement evaluated. If the kappa rating is below 0.6 discrepancies in the decision making need to be discussed and adjusted to assess the remaining articles.
Inclusion criteria

Relevant subject(s)/population(s):
Pest species of maize with economic relevance or regionally economic relevance in Europe will be considered. The selection of species is based on EFSA data base listing arthropods species in crop fields [8] . Different names for the same species will be considered (in brackets) to minimize information loss by the existence of synonymies [9] . Lepidoptera: Ostrinia (Pyralis, Pyrausta) nubilalis, Sesamia nonagrioides, Agrotis segetum, Helicoverpa (Heliothis) armigera, Agrotis ipsilon (ypsilon), Autographa gamma, Bt-maize expressing lepidopteran or/and coleopteran specific Cry proteins.
Relevant types of study design: Laboratory studies with field collected test organisms; this means populations should not have been reared in the laboratory for more than 3 generations.
Study quality assessment
The quality of all included publications is assessed by the two reviewers. The studies are categorized, based on the quality of a specific toxicity study considering following criteria:
-full description of the source of the toxin, -the bioactivity of the toxin has to be verified, experimental design comprises positive control -the concentration and integrity must be checked with an ELISA test or Western Blot -the number of tested larvae should be at least 10 per concentration -a minimum of two replications should be performed -the number of toxin concentrations should be not less than five -the dose response curves should be characterized by LC 50 The studies will be categorized individually for each criterion. The results will be annexed within an Excel sheet or table.
Data extraction strategy
Next to the authors of the studies, the date and the type of publication are recorded. Definite variables are the tested insect species, the country or region where the insect pests were collected, the description of the Cry protein used. The toxicity tests are classified after their methods (e.g. surface application) and endpoints (LC 50 , EC 50 ). The number of tested individuals and the statistical reliability is recorded.
A preliminary data extraction and coding sheet is annexed to the protocol. The final format depends on the publications included. In the process two reviewers are involved. Reviewer one is extracting the data. The results will be checked by reviewer two.
Data analysis
Data will be synthesised in two ways. Firstly extracted data will be presented in a table (compare Table 2 ) or graphs. This will provide an overview of the reviewed studies. Secondly the data will be summarized in a narrative report.
Dealing with missing data
Studies in which relevant data were recorded but not reported in the publication will be identified and the authors will be contacted and asked if they are able to provide the missing datasets.
If the relevant data cannot be obtained or calculated from the given data, the dataset will be marked as incomplete data set.
Quantitative synthesis
As outlined above data provided by the evaluated articles will differ in the study design (details see Background) and in the use of different pest populations. These differences make it impossible to directly compare the susceptibility data. Therefore only a narrative discussion of the findings will be provided. The outcome of the study quality assessment will be discussed.
Assessment of heterogeneity:
We will discuss heterogeneity across studies. The influence of variation caused by study design, using different toxin sources, different populations (countries/regions/ continents) and different statistical approaches will be explored.
Investigation of heterogeneity:
The influence of different parameters causing heterogeneity will be investigated. For parameters causing high heterogeneity separated analysis of subgroups may be conducted.
Sensitivity analysis: Sensitivity analyses will be conducted to explore the -Influence of individual studies -Influence of funding sources for the overall results -Influence of study quality -Influence of data on species, genus, family, or order level Appendix 1: List of stakeholders consulted during the stakeholder consultation process
The GRACE stakeholder consultation process was divided in three steps: (i) a workshop on evidence synthesis and question formulation; (ii) a written consultation on prioritization of research questions and (iii) a review of the draft protocols. Therefore about 700 stakeholders were invited to participate from different interest groups representing academia (A), competent authorities (CA), industry (I), civil society organisations and non-governmental organisations (CSO/NGO) or other not specified groups (others). Not all stakeholders commented on each of the GRACE research questions, but at least 16 stakeholders commented on the research questions on resistance evolution. Crespo AL, Rodrigo-Simón A, Siqueira HA, Pereira EJ, Ferré J, Siegfried BD: Cross-resistance and mechanism of resistance to Cry1Ab toxin from Bacillus thuringiensis Given is the variable name in the database, the definition of the variable, the type, and whether the variable content is restricted to closed (predefined) terms.
